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ADOITION POLYMERIZATION CATALYSTS COMPRISING 
REDUCED OXIDATION STATE METAL COMPLEXES 



This invention relates to addition polymerization catalysts comprising certain 

5 stabilized, reduced metal complexes. In one embodiment such catalysts additionally employ an 
activating cocatalyst In another embodiment such catalysts may be employed with or without 
an activating cocatalyst. Finally the invention relates to an improved method for preparing the 
stabilized reduced metal complexes. The compositions are especially useful as catalysts for the 
polymerization of olefins such as ethylene for the preparation of polymers having utility as 

10 molding resins and in the formation of foamed products having cushioning and insulating 
applications and films that are useful as protective wrappings. 

In U.S. Serial No. 545,403, filed July 3, 1990 (equivalent to EP-A-04 16,845) there 
are disclosed and claimed certain monocyclopentadienyl metal complexes having utility as 
homogeneous olefin polymerization catalysts. In US-A-5,064,802 (equivalent to 

1 5 EP-A-04 1 8,044), cationic monocyclopentadienyl metal complexes with salts of Bronsted acids 
containing a non-coordinating compatible anion are disclosed and claimed. In U.S. Serial No. 
547,71 8, also filed on July 3, 1990 (EP-A-0468,651), an oxidative activation technique for 
preparing such cationic catalysts is disclosed and claimed. 

In US-A-4,057,565 there are disclosed Ti, Zr, or Hf derivatives of 2-dial kylamino- 

20 benzyl or 2-dialkylaminomethylphenyl ail in the + 4 oxidation state which are useful as 
components of catalysts for olefin polymerization. 

In J. Am. Chem. Soc. 100, 8068-8073 (1 978) there is mentioned the synthesisand 
characterization of Ti( + 3) complexes containing cyclopentadienyl groups and 2-dialkylamino- 
benzyl or 2-dialkylaminomethylphenyl groups. No mention of utility as addition 

25 polymerization catalysts is given. 

In US patent 4,870,042, catalysts for olefin polymerizations comprising a pyrazolyl 
borate complex of titanium or zirconium compounds including titanium trichloride (Example 4) 
are disclosed. 

In Organometallics: 10, 3227-3237 (1991) certain titanium + 3 complexes 
30 containing cyclopentadienyl groups and alkyl groups are mentioned. On page 3236, the 
reference states: 

"So far no well-defined neutral titanium-based molecular system with established 
activity for catalytic olefin polymerization has been described... Apparently, the 
tervalent Cp* 2 TiR system cannot induce sufficient positive charge atthe 0-carbon 
35 ..atom of an incoming ethylene molecule to reach the polar transition state for 

migratory insertion." 

In Journal of O rqanometallic Chemistry. 334 (1987) C1-C4, q 3 -allyl(bis-q 5 - 
cyclopentadienyl)titanium (III) activated with dimethylaluminum chloride was found to create 
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a coordinated species Cp 2 Ti (ally!) - (CH 3 ) 2 AICI which was found to polymerize ethylene to a 
small extent- Use of stronger Lewis acids so as to cause figand abstraction thereby destroying 
the requisite carbon-titanium bond was to be avoided according to the reference. 

Figure 1 is an electron spin resonance spectrogram of the product obtained in 
5 preparation it) of Examples 1-58. 

Figure 2 is an electron spin resonance spectrogram of the product obtained in 

Example 59. 

Figure 3 is an electron spin resonance spectrogram of the product obtained in 

Example 60. 

1 0 According to the present invention in its most generic description, there is 

provided an addition polymerization catalyst comprising: 
(i) a metal complex corresponding to the formula: Cp a (ZY)bM Lo wherein: 
a is 1 or 2; 
bisOor 1; 
15 cis 1 or 2; 

the sum of a, b and c is 3; 

Cp independently each occurrence is a cyclopentadienyl group n-bound to M, or a 
hydrocarbyt, silyl, halo, halohydrocarbyl, hydrocarbyf metalloid orhalohydrocarbylmetalloid 
substituted derivative of said cyclopentadienyl group r said Cp containing up to 50 
20 nonhydrogen atoms, and, when a is 2, optionally both Cp groups may be joined together by a 
bridging group; 

L independently each occurrence is hydride, halo, or a monovalent anionic ligand 
selected from covalently bonded hydrocarbyl, silyl, amido, phosphido, alkoxy, aryloxy, and 
sulfido groups optionally being further substituted with amine, phosphine, ether, and 
25 thioether; mixtures thereof; said ligand having up to 50 nonhydrogen atoms, with the proviso 
that in at least one occurrence Lis a stabilizing ligand comprising an amine, phosphine, ether or 
thioether functionality able to form a coordinate-covalentbond or chelating bond with M, or 
except when a is 1, comprising an ethylenic unsaturation able to form an q3 bond with M; 

M is a metal of Group 4 of the Periodic Table of the Elements in the +3 oxidation 

30 state; 

Y is a linking group comprising nitrogen, phosphorus, oxygen or sulfur covalently 
bonded to M and Z through said nitrogen, phosphorus, oxygen or sulfur atom; 

2 is a divalent moiety comprising oxygen, nitrogen, phosphorous, boron, or a 
member of Group 14of the Periodic Table of the Elements, said moiety having up to 30 
35 nonhydrogen atoms; 

the ligand moiety consisting of -Cp-Z-Y- being dianionic and having the ionic 
charges residing formally on Cp and Y; 

and, when b is 0 and optionally when b is 1 , 
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(ii) an activating cocatalyst. 

In accordance with one embodiment of the above generic description of the 
invention there is provided an addition polymerization catalyst comprising in combination: 

(i) a metal complex, Ai, corresponding to the formula: 
5 (la) Cp' 2 ML\ 

wherein: 

Cp' independently each occurrence is a cyclopentadienyl group n-bound to M, or 
a hydrocarbyl, silyl, halo, halohydrocarbyl, hydrocarbylmetalloid or halohydrocarbylmetalloid 
substituted derivative of said cyclopentadienyl group, said Cp' containing up to 50 
10 nonhydrogen atoms, and optionally both Cp groups may be joined together by a bridging 
group; 

M is a metal of Group 4 of the Periodic Table of the Elements in the + 3 oxidation 

state; 

L' is a monovalent anionic stabilizing ligand selected from the group consisting 
15 of: covalently bonded hydrocarbyl, silyl, amido, phosphido, alkoxy, aryloxy, sulfido groups and 
mixtures thereof, said group being further substituted with an amine, phosphine, ether, or 
thioether containing substituent able to form a coordinate-covalent bond or chelating bond 
with M; said ligand having up to 50 nonhydrogen atoms; and 

(ii) an activating cocatalyst. 

20 Preferably in accordance with the present invention the ratio of metal complex to 

activating cocatalyst is from 1 :0.01 to 1 : 10 6 . 

In a further embodiment there is provided an addition polymerization catalyst 
comprising in combination: 

(i) a metal complex, A 2 , corresponding to the formula 
25 0M Cp"ML' 2 , 
wherein: 

Cp" is a cyclopentadienyl group n-bonded to M, or a hydrocarbyl, silyl, halo, 
halohydrocarbyl, hydrocarbylmetalloid, or halohydrocarbylmetalloid substituted derivative 
thereof, said Cp" containing up to 50 nonhydrogen atoms; 

30 M is a metal of Group 4 of the Periodic Table of the Elements i n the *3 oxidation 

state; 

L" independently each occurrence is hydride, halo, or a monovalent anionic 
ligand selected from the group consisting of covalently bonded hydrocarbyl, silyl, amido, 
phosphrdo, alkoxy, aryloxy, and sulfido groups; mixtures thereof; and amine, phosphine, 
35 ether, and thioether derivatives of the foregoing, said ligand having up to 50 nonhydrogen 
atoms, with the proviso that in at least one occurrence L" is a stabilizing ligand comprising an 
amine, phosphine, ether or thioether functionality able to form a coordinate-covalent bond or 
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lfl (Ic) Cp"'-_M^ 



chelating bond with M, or comprising an ethylenicunsaturation able to form an q3 bond with 
M; and 

pi) an activating cocatalyst. 

Preferably the activating cocatalyst is present in an amount to provide a ratio of 
5 metal complex to activating cocatalyst from 1 :0.01 to 1 :10 6 . 

In a still further embodiment of the present invention there is provided a metal 
complex, A3, corresponding to the formula: 

Z Y 

\ 

wherein: 

Mis a metal of Group 4 of the Periodic Table of the Elements in the * 3 oxidation 

15 state; 

Cp'" is a cyclopentadienyl group, or a hydrocarbyl, silyl, halo, halohydrocarbyl, or 
hydrocarbylmetailoid substituted derivative thereof, said Cp'" containing up to 50 
nonhydrogen atoms; 

2 is a divalent moiety comprising oxygen, nitrogen, phosphorous, boron, or a 
20 member of Group 1 4 of the Periodic Table of the Elements said moiety having up to 30 
nonhydrogen atoms; 

Y is a linking group comprising nitrogen, phosphorus, oxygen or sulfur covalently 
bonded to M and Z through said nitrogen, phosphorus, oxygen or sulfur atom, the ligand 
moiety consisting of -Cp"'-Z-Y- being dianionic and having the ionic charges residing formally 
25 onCp'"andY;and 

L'" is a monovalent stabilizing ligand selected from the group consisting of L r and 
C3-15 hydrocarbyl groups comprising an ethylenic unsaturation able to form an q3 bond with 
M. 

The above complexes, A 3 , are suitable for use in polymerization of addition 
30 polymerizable monomers alone or optionally in the presence of an activating cocatalyst In the 
latter event there is provided an addition polymerization catalyst comprising: 

(i) the complex, A3, and 

(ii) an activating cocatalyst. 

The activating cocatalyst is preferably used rn an amount to provide a ratio of 
35 metal complex to activating cocatalyst from 1:0.01 to 1 : 10 s . 

It is believed, without agreeing to be bound by such belief, that the metal 
complexes Ai , A2, and A3 when combined with the activating cocatalyst are converted into 
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cationic metal complexes wherein the metal is in the + 3 oxidation state. Evidence for this 
belief is established by electron spin resonance spectroscopy (ESR) and by the fact that solutions 
of the metal complexes in combination with the activating cocatalyst, especially 
tris(perfluorophenyl)boron are conductive in cyclic voltammetry analysis without added 
5 supporting electrolyte, whereas the complex alone is not conductive under the same 
conditions. 

The presence of the above identified stabilizing ligand in the complexes of the 
invention results in improved complex stability and greatly improved usefulness in the 
formation of catalysts. The catalysts formed from these complexes by combination with the 
JO activating cocatalyst additionally possess higher activity and are more efficient addition 
polymerization catalysts than catalysts formed from corresponding complexes lacking such 
stabilizing ligand group. 

The metal complexes, A 1f may be prepared by a process comprising contacting a 
Group 4 metal complex corresponding to the formula: 
15 (Na) Cp' 2 M*XL' 

wherein Cp' and L' are as previously defined, and 

M* is a metal of Group 4 of the Periodic Table of the Elements in the *4 oxidation 

state; and 

X is halide or C 1-1Q hydrocarbyloxide, 
20 with a reducing agent under reducing conditions to form the Group 4 metal complex. 

The metal complexes, A 2 , may be prepared by a process comprising contacting a 
Group 4 metal complex corresponding to the formula: 
(lib) Cp"M*XL n 2 

wherein Cp" and L w are as previously defined, and 
25 M* is a metal of Group 4 of the Periodic Table of the Elements in the *4 oxidation 

state; and 

X is halide or C M0 hydrocarbyloxide, 
with a reducing agent under reducing conditions to form the Group 4 metal complex. 

Finally, the metal complexes, A 3 , may be prepared by a process comprising 
30 contacting a Group 4 metal complex corresponding to the formula: 

He Cp'" — 

\ 

L 1 ' ' 

35 

wherein Cp'", Z, Y, M*, X and I"* are as previously defined, 

with a reducing agent under reducing conditions to form the Group 4 metal complex. 
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There are also provided polymerization processes comprising contacting an 
addition polymerizable monomer or monomers with the foregoing catalysts under 
polymerization conditions and recovering the resulting polymer. 

All reference to the Periodic Table of the Elements herein shall refer to the 
5 Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 1 989. Also, any 
reference to a Group or Groups shall be to the Group or Groups as reflected in this Periodic 
Table of the Elements using the IUPAC system for numbering groups. 

Bytheterm "stabilizing ligand* is meant that theligand group stabilizesthe 
metal complexthrough either: 
10 1) a nitrogen, phosphorus, oxygen or sulfur chelating bond, or 

2) an q3 bond with a resonant, delocalized n-electronic structure. 
Examples of stabilizing ligands of group 1) for use according to the present 
invention include alkyl, cycloalkyl, aryl, silyi, amido or phosphido ligands substituted with one 
or more aliphatic or aromatic ether-, thioether-, amine- or phosphine- functional groups, 
15 especially such amine or phosphine groups that are tertiary substituted, said stabilizing (igand 
having from 3 to 30 nonhydrogen atoms. Most preferred group 1 ) stabilizing ligands are 
2-dialkylaminobenzyl or 2-(dia!kylaminomethyl)phenyl groups containing from 1 to 4 carbons 
in the alkyl groups. 

Examples of stabilizing ligands of group 2) for use according to the present 
20 invention, include linear C3-15 hydrocarbyl groups containing ethylenic unsaturation, such as 
allyl, 1-methylallyl,2-methylallyl, 1,1-dimethylallyI, 1,2,3-trimethylallyl, 1-phenyi-3-benzylalIyl 
or 1,1-diphenyI-3-(diphenyImethyl)allyl groups. 

Preferred substituents of the groups Cp, Cp" and Cp r " are hydrocarbyl (incl uding 
hydrocarbylene) and halosubstituted hydrocarbyl groups, said groups having from 1 to 30 
25 carbons, and C^ 30 hydrocarbyl or halohydrocarbyl substituted metalloid radicals wherein the 
metalloid is an element from Group 14 of the Periodic Table of the Elements. 

Exemplary hydrocarbyl radicals include straight and branched alkyl radicals, cyclic 
aliphatic hydrocarbon radicals, aikyl-substituted cyclic aliphatic hydrocarbon radicals, aromatic 
radicals and alkyl-substituted aromatic radicals. Preferred are methyl, ethyl, butyl and phenyl 
30 radicals. Exemplary organometalloid radicals include straight and branched chain silyl radicals, 
alkyl-substituted silyl radicals, germyl radicals and divalent derivatives of the foregoing. 
Preferred are trimethylsilyl, triethylsilyl, ethyldimethylsilyl, methyldiethylsilyl, dimethyl-t- 
butylsilyl, triphenylsilyl, triphenylgermyl, and trimethylgermyl radicals. 

More particularly, suitable cyclopentadienyl or substituted cyclopentadienyl 
35 groups in complexes A : are illustrated by the formula: 
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(III) 

5 




wherein: 

R' is hydrogen, or a group selected from silyl, hydrocarbyl, and combinations 
thereof having up to 30 carbon or silicon atoms, or two R' groups together form a divalent 
derivative of such group. 

Preferably, R' independently each occurrence is hydrogen, methyl, ethyl, propyl, 
butyl, pentyl, hexyl, (including where appropriate all isomers), cyclopentyl, cyclohexyl, 
norbornyl, benzyt, or phenyl or two R' groups are linked together thereby forming an indenyl, 
tetrahydroindenyl, fluorenyl, tetrahydrofluorenyl, or octahydrofluorenyl group in place of the 
cyclopentadienyl group. 

■X. 

Exemplary metal complexes of formula A t are: biscyclopentadienyl 2-(N,N- 
dimerhylamino)benzyl titanium, bis(methylcyclopentadienyl) 2-(N,N<limethylamino)benzyl 
titanium, bis(t-butylcyclopentadienyl) 2-((N,N-dimethylamino)methyl)phenyl titanium, 
bis(pentamethylcyclopentadienyl) 2-(N,N-dimethylamino)benzy! titanium, bis(indenyl)( 2-N,N- 
dimethylaminojbenzyl titanium,bis(fluorenyl) (2-N,N-dimethylamino)benzyl titanium, and 
corresponding zirconium and hafnium derivatives. 

Additional bis-cyclopentadienyl compounds of formula A 1 include those 
containing a bridging group linking the cyclopentadienyl groups. Preferred bridging groups 
are those corresponding to the formula (ER" 2 ) X wherein E is silicon or carbon, R\ 
independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl and 
combinations thereof, said R" having up to 30 carbon or silicon atoms, and x is 1 to 8. 
Preferably R" independently each occurrence is methyl, benzyl, tert-butyl, or phenyL 

Examples of the foregoing bridged cyclopentadienyl group containing complexes 
are compounds corresponding to the formula: 



35 
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15 



wherein: 

M, L', E, R' R" and x are as previously defined. 

Such bridged structures are especially suited for the preparation of polymers 
having stereoregular molecular structure. In such capacity it is preferred that the complex be 
nonsymmetrical or possess a chiral, stereorigid structure. Examples of the first type are 
compounds possessing different delocalized n-bonded systems, such as one cyclopentadienyi 
group and one indenyl group. Similar systems based on Ti(IV) or Zr(IV) were disclosed for 
preparation of syndiotactrc olefin polymers in Ewen, et ah, J. Am. Chem.Soc. 1 10, 6255-6256 
(1980). Examples of chirai structures include bis-indenyl complexes. Similar systems based on 
Ti(IV) orZr(IV) were disclosed for preparation of isotactic olefin polymers in Wild et aL, 
J. Oroanomet. Chem. 232. 233-47. (1982). 

Exemplary bridged cyclopentadienyi complexes of formula la are: (dimethylsilyl- 
bis-cydopentadienyl) titanium 2-(N,N-dimethytamino)benzyI, (dimethylsilyl-bis- 
cyclopentadienyi) titanium 2-((N,N-dimethyIamino)methyl)phenyl, (dimethylsiyl-bis-t- 
butylcyclopentadienyi) titanium 2-(N,N-dimethylamino)benzyl, (dimethylsilyl-bis- 
tetramethylcyclopentadienyl) titanium 2-(N,N-dimethylamino)benzyl, (dimethylsilyl-bis- 
indenyl) titanium 2-(N,N-dimethylamino)benzyl, (isopropylidene<yclopentadienyl-fiuorenyl) * 
titanium 2-(N,N-dimethylamino)benzyl,[2 r 2'-biphenyldiylbis(3,4-dimethyl-1- 

cyclopentadienyl)]titanium2-(N,N-di ^ 
dimethyl-1 -cyclopentadienyi)] titanium 2-(N,N-dimethylamino)benzyl r and corresponding 
zirconium and hafnium complexes. 
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Exemplary complexes of formula A 2 include cyclopentadienyl titanium allyl 
chloride, t-butylcyclopentadienyl titanium allyl chloride, pentamethylcyclopentadienyl 
titanium ally! chloride, pentamethylcyciopentadienyf titanium allyl methoxide, 
n-butylcyclopentadienyl titanium allyl iscpropoxide, pentamethylcyclopentadienyl titanium 

5 allyl phenoxide, cyclopentadienyl titanium (2-methylallyl) chloride, ethylcyclopentadienyl 
titanium (2-methylallyl) ethoxide, cyclopentadienyl titanium 2-(N,N-dimethylamino)benzyl 
chloride, pentamethylcyclopentadienyl titanium 2-(N,N-dimethylamino)benzyl bromide, 
cyclopentadienyl titanium 2-(N,N-dimethylamino)benzyl methoxide, n-butylcyclopentadienyl 
titanium 2-((N,N-dimethylamino)methyl)phenyl isopropoxide, cyclopentadienyl titanium allyl 

!0 dimethylamide, n-butylcyclopentadienyl titanium allyl dimethylamide, t-butylcyclopentadienyl 
titanium allyl diethylamide, cyclopentadienyl titanium diallyi, cyclopentadienyl titanium 
2-(methylallyl) dimethylamide, cyclopentadienyl titanium (2-methylallyl) (di-t-butylamide), 
cyclopentadienyl titanium 2-(N,N-dimethylamino)benzyl dimethylamide, pentamethyl- 
cyclopentadienyl titanium 2-(N,N-dimethylamino)benzyl dimethylamide. 

! 5 methylcyclopentadienyl titanium methyl 2-(N,N-dimethylaminobenzyl), 
methylcyclopentadienyl titanium benzyl 2-(N,N-dimethylamino)benzyl, 
methylcyclopentadienyl titanium trimethylsilylmethyl 2-(N,N-dimethylamino)benzyl, 
pentamethylcyclopentadienyl titanium methyl 2-(N,N-dimethylaminobenzyl, pentamethyl- 
cyclopentadienyl titanium trimethylsilylmethyl 2-(N,N-dimethylamino)benzyl, and 

20 corresponding zirconium and hafnium complexes. 

Illustrative cyclic complexes, A 3 , that may be employed in the practice of the 
present invention include: (tert-butylamido)dimethyl(tetramethyl-ii5-cydopentadienyl)silane 
2-(N,N-dimethylamino)benzyl titanium, (phenylamido)dimethyl(tetramethyl-ri5-cydo- 
pentadienyl)silane 2-(N,N-dimethylamino)benzyl titanium, (tert-butylamido)(tetramethyl-q5- 

25 cyclopentadienyl)-!, 2-ethanediyl allyl titanium, (tert-butylamido)(tetramethyl-q5- 

cyclopentadienyl)- 1,2-ethanediyl 2-(dimethylamino)benzyltitanium, (methylamido)(tetra- 
methyl-q5-cyclopentadienyl)-1,2-ethanediyI allyl titanium, (tert-butylamido)dibenzyl- 
(tetramethyl-q5. C yclopentadienyl)silane 2-(N,N-dimethylamino)benzyl titanium, (benzyl- 
amido)dimethyl(qS- C y C |opentadienyl)silane 2-((N,N-dimethylamino)methyl)phenyl titanium, 

30 (P h enylphosphido)dimethyl(tetramethyl-q5.cyclopentadienyl)silane2-(dimethylamino)benzyl 
titanium, (tert-butylamido)-dimethyl(tetramethyl-ii5-cyclopentadienyl)silane allyl titanium, 
(methylamido)cyclotetramethylene(q5-octahydrofluorenyl)silane 2-(N,N- 
dimethylamino)benzyl titanium, (methylamido)cyclotetramethyiene(q5-octa- 
hydrofluorenyl)silane2-(N,N-dimethylamino)benzyl titanium, and corresponding zirconium or 

35 hafnium complexes. 

Preferred cyclic complexes, A 3 , are amidosiiane- or amidoalkanediyl- compounds 
corresponding to the formula: 
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wherein: 

M, L'", E, R', and R" are as previously defined; 
Y' is nitrogen; 

R'" is a group selected from silyt, hydrocarbyl and combinations thereof, said 
group or combination having up to 30 carbon or silicon atoms; and 
mis1 or 2. 

Preferably R r " is methyl, ethyl, propyl, butyl, pentyl, hexyl, (including where 
appropriate all isomers), cyclopentyl, cyclohexyl, norbornyl, benzyl, or phenyl. 

In the most preferred embodiment -{ER" 2 ) m Y'R"'- isan amidosilane or 
amidoalkane group of upto 30 nonhydrogen atoms, especially, (tert-butyl- 
amido)(dimethylsilyl), (methylam 

Other complexes which are useful in the catalyst compositions of this invention 
will be apparent to those skilled in the art. 

Highly preferably in complexes A 1# M is titanium and L' is 2-dimethylaminobenzyL 
Highly preferably in complexes A 2 , M is titanium and L" is2-dimethylaminobenzy! or ally!. 
Highly preferably in complexes A 3( M is titanium and L'" is 2-dimethylaminobenzyl or allyL 

By the term "reducing agent* herein is meant a metal or compound which, under 
reducing conditions causes M to be reduced from the + 4 oxidation state to the + 3 oxidation 
stare. Examples of suitable metal reducing agents are alkali metals, alkaline earth metals, lead 
and zinc, alloys of alkali metals or alkaline earth metals such as sodium/mercury amalgam and 
sodium/potassium alloy. Examples of suitable reducing agent compounds are sodium 
naphthalenide, potassium graphite, and Grignard reagents. Most preferred reducing agents 
are the alkali metals or alkaline earth metals, especially magnesium. 

By the term "reducing conditions" is meant the use of diluents and temperatures 
that allow the desired reduction to take place. Preferred temperatures are from 0°C to 200°C, 
more preferably from 5°Cto 120°C and most preferably from 10°Cto 50°C Preferred diluents 
are polar solvents, more preferably C^ 6 aliphatic ethers, most preferably tetrahydrofuran, 
1,2-dimethoxyethane or diethyl ether. 

The term "activating cocatalyst" as used herein refers to a secondary component 
that renders the metal complex catalyticallyeffective orimprovesthe catalytic effectiveness of 
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the metal complex as an addition polymerization catalyst. Examples of the activating 
cocatalystsfor use herein include aluminum compounds containing an AI-0 bond such as the 
alkylalumoxanes, especially methylalumoxaneand isobutyl modified methylalumoxane; 
aluminum alkyls; aluminum halides; alkylaluminum halides; Lewis acids other than any of the 
5 foregoing list; and mixtures of the foregoing. 

Preferred Lewis acids are those compounds corresponding to the formula: R"" 3 B, 
wherein R"" independently each occurrence is selected from hydrogen, silyl, hydrocarbyl, 
halohydrocarbyl, alkoxide, aryloxide, amide or combinations thereof, said R"" having up to 30 
nonhydrogen atoms. 

10 It is to be appreciated by those skilled in the art, that the above formula for the 

preferred Lewis acids represents an empirical formula, and that many Lewis acids exist as 
dimers or higher oligomers in solution or in the solid state. Other Lewis acids which are useful 
in the catalyst compositions of this invention will be apparent to those skilled in the art. 

Preferred activating cocatalysts include trimethylaluminum,triisobutylaluminum, 

15 methylalumoxane, ethylalumoxane, chlorodiethylaluminum, dichloroethylaiuminum, 
triethylboron, trimethylboron, tri phenyl boron and halogenated, especially fluorinated, 
tri phenyl boron compounds. 

Most highly preferred activating cocatalysts include triethylaluminum, 
methylalumoxane, andfluoro-substituted triaryl borons such as tris(4-fluorophenyl)boron, 

20 tris(2,4-difluorophenylboron), tris(3,5-bis(trifluoromethyl)phenyl)boron, tris(penta- 
fluorophenyOboron, pentafluorophenyldiphenylboron, and bis(pentafluoro- 
phenyl)phenylboron. Such fluoro- substituted triarylboranes may be readily synthesized 
according to techniques such as those disclosed in Marks, et al. J. Am. Chem. Soc. 1 13, 3623- 
3625(1991). 

25 A neutral Lewis base may additionally be present in combination with the 

complexes and catalysts of the invention. Suitable neutral Lewis bases include, for example, 
organic compoundscontaining oxygen, nitrogen, phosphorus or sulfur, or olefins. More 
specifically, examples of suitable electron donating compounds include organic amines, 
amides, ketones, nitriles, phosphines, phosphoryfamides, esters, ethers (including cyclic ethers 

30 such as furans), thioethers and thioesters. Preferred are such compounds containing up to 20 
nonhydrogen atoms. A highly preferred electron donating agent istetrahydrofuran (THF). 

It has been previously reported that Lewis bases such as THF have a severe 
degrading effect on the catalytic activity of cyclopentadienyl complexes of Group 4 metals in 
the +4 oxidation state. Jordan, etal,. J. Am. Chem. Soc. 108,7410-7411 (1986) at 7410, 

35 reported that "Addition of THF or other donor ligands slows the polymerization rate 

dramatically and in THF or CH3CIM solvents no activity is observed". Similarly, Bochmannet al., 
Polyhedron. 8 (13-14), 1838-1843 (1989) reported that bis(pentamethylcyclopentadienyl)titan- 
ium(IV) methyl tetraphenylborate prepared in THF solvent was inactive for ethylene 
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polymerization. Surprisingly, the presence of a neutral Lewis base does not necessarily 
adversely affect the catalytic activity of the metal complexes of the present invention, 
particularly the complexes of formula A 3 . 

The catalyst can be formed by combining the activating cocatalyst (where 

5 required) with the complex, with or without a neutral Lewis base, optionally in the presence of 
a diluent. Complexes that need no activating cocatalyst may be used to polymerize addition 
polymerizable monomers without further additives or in combination with the above neutral 
Lewis base and optionally in the presence of a diluent The preparation may be conducted in 
the presence of one or more addition polymerizable monomers, if desired. Preferably, the 

10 catalysts are prepared at a temperature within the range from -1 00°C to 300°C, preferably 0°C 
to 250°C, and most preferably 0°C to 1 00°C. Suitable solvents include straight and branched- 
chain hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, and 
mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, cydoheptane, 
methylcyclohexane, methylcycloheptane; perfluorinated hydrocarbons such as perfluorinated 

1 5 C 4_io al kane s; and aromatic and alkyl-substituted aromatic compounds such as benzene, 

toluene and xylene. Suitable solvents also include liquid olefins which may act as monomers or 
comonomers including ethylene, propylene, butadiene, cyclopentene, 1-hexene, 3-methyM- 
pentene,4-methyl-1-pentene, 1,4-hexadiene, 1-octene, 1-decene,styrene,divinylbenzene, 
4-vinylcyclohexene, allyl benzene and vinyltoluene (including all isomers alone or in admixture). 

20 Preferred solvents are aliphatic hydrocarbons especially C 5 -C 10 alkanes or cycloalkanes and 
mixtures thereof. Such a mixture is available commercially under the trade designation 
Isopar™ E, available from Exxon Chemicals. If no cocatalyst is necessary, the complex itself is 
contacted with the addition polymerizable monomer. 

"Addition polymerizable monomers 4 ' usefully polymerized according to the 

25 present invention include, for example, ethylenically unsaturated monomers, cyclic olefins, 
acetylenic compounds, conjugated or nonconjugated dienes and polyenes. Specific examples 
include C 2 _ 20 olefins, styrene, halo- or hydrocarbyl substituted styrenes, di vinyl benzene, 
4-vinyIcydohexene. tetrafluoroethylene, vinylbenzocyclobutane, butadiene, isoprene, 
1 ,4-hexadiene, cyclobutene, cyclopentene, cyclohexene, norbornene, ethylidene norbornene, 

30 acetylene, and mixtures thereof. Preferred monomers include the C2-10 a-olefins especially 
ethylene, propylene, isobutylene, 1-butene, 1-hexene, 4-methyM-pentene, styrene, and 
1-octene. 

In general,the polymerization may be accomplished at conditions well known in 
the prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactions, that is, 
35 temperatures from 0 to 250°Cand pressures from atmospheric to 1000 atmospheres (100 MPa). 
Suspension, solution, slurry, gas phase or other process condition may be employed if desired. 
The catalyst may be supported and such supported catalyst may be employed in the 
polymerizations of this invention. Preferred supports include alumina and silica. 
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The equivalent ratio of metal complex to activating cocatalyst (where employed) 
is preferably in a range from 1:0.5to 1:10 4 , more preferably from 1:0.75 to 1:10 3 , most 
preferably 1 :1 to 1:10. In most polymerization reactions the equivalent ratio of 
catalyst: polymerizable compound employed is from 10" 12 : 1 to 1 0" 1 : 1, more preferably from 
5 UT 9 :1 to 10^:1. 

Having described the invention the following examples are provided as further 
illustration thereof and are not to be construed as limiting. Unless stated to the contrary all 
parts and percentages are expressed on a weight basis. 
Examples 1-58 

10 0 Preparation Of Reduced Metal Complex - (tert-butyl- 

amido)dimethyl(tetramethyl-q5- cyc |opentadienyl)silane(2-N / N-dimethylamino)benzyl 
titanium, (CH 3 ) 4 C 5 Si(CH 3 ) 2 N -C(CH 3 ) 3 )Ti{o-CH 2 C 6 H 4 N(CH 3 ) 2 ) 




In a drybox, 1 .65 g (4.45 mmol) of TiCI 3 (THF) 3 and 2.29 g (4.46 mmol) of 
(MgCI) 2 ((CH 3 ) 4 C 5 5i(CH 3 ) 2 N -C(CH 3 ) 3 )(THF) J were mixed together in a 100 ml flask. 
Tetrahydrofuran (THF) (50 mL) was added to give a purple solution. After 15 minutes, 0.63 g 
(4.46 mmol) of o-UCH 2 C 6 H 4 N(CH 3 ) 2 was added. After 30 minutes, the volatile materials were 
removed under reduced pressure to yield a red-brown solid. Pentane (50 mL) was added, the 
solution was filtered, and the volume reduced to 40 mL This concentrated solution was cooled 
to-30°C. Red crystals were isolated by filtration and dried under reduced pressure. 

The electron paramagnetic resonance (EPR) spectrum of this material exhibited a 
single line at room temperature (g = 1.974) and 2 lines at 77 K. The X-ray crystal structure had 
final ceil parameterscorrespondingtoatriclinicunitcell. Cell parameters were e : a = 9.922(4), 
b = 1 4.366(9), c = 9.857(5) (angstroms); a = 1 04.35(6), 0 = 11 1 .69(4), y = 99.61 (6); V = 1 2 1 2( 1 ) 
(angstroms 3 ). 

ii) Alternate preparation of (tert-butylamido)dimethyl(tetramethyl-ii5H:yclo- 
pentadienyl)silane2-(dimethylamino)benzyl titanium -reduction ofTi(IV) complex. 

TiCI 3 (THF) 3 suspended in THF was contacted with equal molar quantities of solid 
tetramethylcyclopentadienyldimethyl-t-butylaminosilane-diGrignard -THF complex 
((CH3) 4 C 5 Si(CH3)2-N-t-Bu Mg 2 CI 2 (THF)2). To the resulting Ti(lll) complex was added a sufficient 
amount of a 1.56M solution of methylene chloride in THF to provide a 0.5: 1 molar ratio of 
methylene chloride to the metal complex. After one hour the product, (CH 3 )4C 5 Si(CH3)2N-t- 
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BuTICI 2 , was recovered by extraction in pentane. In an argon filled glovebox, 0.990 g (2.69 
mmol) of the (tert-butyiamido)dimethyl(tetra^ 

dichloride and 0.389 g (2.76 mmol) of Li(o-CH 2 (C 6 H 4 )N(CH 3 ) 2 ) were mixed together in a 100 mL 
flask. Pentane (75 mL) was added and the mixture stirred for 16 hours to provide an orange 

5 colored product The mixture was filtered through a sintered glass frit The solids were washed 
with pentane and the filtrates combined. Pentane solvent was removed under reduced 
pressure leaving a solid residue which was washed with cold pentane. The pentane wash was 
decanted from the residue and the product dried under reduced pressure giving 0.96 g. of an 
orange solid. *H NMR analysis confirmed the product's identity as (tert-butylamido)dimethy!- 

10 (tetramethyI-q5-cydopentadienyl)siiane titanium 2-(N,N-dimethylamino)benzyl chloride. Yield 
was 76 percent 

The solid product (0.490 g, 1 .05 mmole) obtained above was added to 50 ml of 
tetrahydrofuran. Magnesium powder (30 mg) wasthen added. The mixture was stirred at 
25°C After 30 minutes the orange color of the solution changed to brown. After 4 hours the 

15 solvent was removed underreduced pressure. Thesolid residue was extracted with pentane 
(3 x25ml). The pentane extracts were filtered through a sintered glass frit, combined, and the 
pentane removed under reduced pressure to give 0.452 g (quantitative yield) of rose-purple 
microcrystalline solid, identified as (tert-butylamido)dimethyl(tetramethyl-ii5-cyclo- 
pentadienyl)silane 2-(N,N-dimethylamino)benzyl titanium by comparison of its cyclic 

20 voltamagram with that of the material obtained in Preparation i. 

iii) . Preparation of Reduced Metal Complex- (tert-butyl- 
amido)dimethyl(tetramethyl-q5-cyclopentadienyl)silane aliyl titanium (ill), 
((CH 3 ) 4 C 5 Si(CH 3 ) 2 NC(CH3)3)Ti(C 3 H 5 ). 

In a drybox, 0.30 g of TiCI 3 (THF) 3 and 0.42 g of (MgCI) 2 ((CH 3 ) 4 C 5 Si(CH 3 ) 2 N- 
25 C(CH 3 ) 3 )(THF) 2 were mixed ina Schlenktube. 20 mL of THF was added to give a purple 
solution. The Schlenk tube was sealed and removed to a Schlenk line, and the solution was 
cooled to -30°C. 0.81 mL of 1.0 M allylmagnesium bromide was added by syringe. After 20 
minutes, the solution was warmed to 0°C and the volatile materials were removed under 
reduced pressure to yield a dark solid. While keeping the flask at 0°C pentane (30 mL) was 
30 added, and the deep red solution was filtered, concentrated to 5-7 mL, and cooled to -40°C. 
Red crystals were isolated by filtration and dried in 22 percent yield. The EPR spectrum of this 
material exhibited a single line at room temperature and 2 lines at 77K. 

iv) Preparation of Reduced Metal Complex - biscyclopentadienyl 2-(N,N- 
dimethylamino)benzyl titanium (III), Cp 2 Ti(o-CH 2 C 6 H 4 N(CH 3 ) 2 ). 

35 This metal complex was prepared according to the procedure of J.Am-Chem.Soc. 

100, 8068-8073 (1978) by reaction of stoichiometric amounts of biscyclopentadienyltitanium 
(III) chloride and 2-dimethylaminobenzyl lithium in diethyl ether. 
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v) Preparation of Reduced Metal Complex- (tert-butyl- 
amido)dimethyl(tetramethyl-ii5<yclopentadienyl)silane 1,2,3-trimethylallyl titanium (III). 

In a glovebox under an inert atmosphere, (tert-butylamido)dimethyl(tetramethyl- 
qS-cyclopentadienyDsilanetitanium (IV) dichloride (0.500 g, 0.0014 mol) was dissolved in 30 mL 

5 of diethyl ether giving a yellow solution. To this solution was added 3-methyl-1,3-pentadiene 
(0.31 ml, 0.0027 mol) and i-PrMgCI (1.18 ml, 0.002a mol). Gas evolution was noted and the 
color became red/purple. After 50 minutes the solvent was removed and the product dried. 
Extraction with pentane (5X10 ml) and drying under reduced pressure gave the desired 
product as a red solid. 

10 Polymerization 

Several catalyst compositions were prepared by combining the metal complex 
and a cocatalyst in a stirred polymerization reactor. The cocatalysts used were 
tris(perfluorophenyl)borane (I), methylalumoxane (1 M in toluene, available from Schering 
(AG) (II), trimethyl aluminum (lll),triisobutylaluminum (IV), isobutyl modified 

15 methylalumoxane (1 A/I in toluene, MMAO, type 3A, available from Texas Alkyls Corp.) (V), 
triethylaluminum (VI), phenyl bis(perfluorophenyl) borane(VII), and triphenyl borane (VIII). 
Accordingly, a 2 L stirred reactor was charged with the desired amounts of mixed alkane 
solvent (Isopar-E™ available from Exxon Chemicals Inc) and 1-octene comonomer. The reactor 
was heated to the polymerization temperature, hydrogen was added by differential pressure 

20 expansion from a -75 mL addition tank, and the reactor was saturated with ethylene to the 
desired pressure. Metal complex and cocatalyst (where used) were mixed in a drybox by 
syringing the desired amount of 0.0050 M metal complex solution (in Isopar-E"" or toluene) 
into a solution of the cocatalyst (in Isopar-E™ or toluene). This solution was then transferred to 
a catalyst addition tank and injected into the reactor. The same procedure was employed when 

25 no cocatalyst was employed excepting only the complex was added to the reactor. The 
polymerization was allowed to proceed for the desired time and the solution was removed 
from the reactor and quenched with isopropanol. A hindered phenol antioxidant (Irganox" - 
1010, available from Ciba Geigy Corp.) was added and the polymers (linear low density 
polyethylenes) were air-dried for 16 hours and then dried in a reduced pressure oven. Results 

30 are contained in Table I. 



35 
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Example 58 

(i) Preparation of (phenylamido)dimethyl(tetramethyl-ii5-cyclopentadienyl)silane 2- 
(N # N-dimethylamino)benzyl titanium chloride 

In an argon filled glove box, 0.55 g (1.29 mmol) of (phenylamido)di methyl- 
5 (tetramethyl-ii5.cydopentadienyl)silane titanium dichloride (prepared according to Example 89 
of EP-A-041 6845 and 0.18g (1.3 mmol) of 2-(N,N-dimethylamino)benzyl lithium were slurried in 
^75 mL of pentane. The mixture turned from yellow to red after ~ 1 6 hours. The mixture was 
filtered and the solids were extracted with diethyl ether. The pentane and ether fractions were 
devolatilized under reduced pressure. 'H NMR analysis confirmed the product's identity from 
10 both fractions as (phenylamido)dimethyl(tetramethyl-q5<y C |opentadienyl)silane titanium 2- 
(N,N-dimethylamino)benzyl chloride. Total yield was 0.33 g, 53 percent. 

(ii) Preparation of (phenylamido)dimethyl(tetramethyl-q5-cy C | 0 pentadienyl)silane-2- 
(N,N-dimethylamino)benzyi titanium 

15 In an argon filled glove box 16 mg of magnesium powder was added to 0.33 g 

(0.68 mmol) of (phenylamido)dimethyl(tetramethyl-ri5-cyclopentadienyl)silane 2-(dimethyl- 
amino)benzyl titanium chloride in -40 mL of tetrahydrofuran (THF). After stirring for 6 hours 
the THF was removed under reduced pressure. The solid residue was extracted with pentane. 
The pentane extracts were filtered and combined and the pentane solvent removed under 

20 reduced pressure to give 0.29 g (94 percent yield) of (phenylamido)dimethyl(tetramethyl-T^ 
cyclopentadienyI)silane.2-(N,N-dimethylamino)benzyl titanium, characterized by cydic 
voltametry. 

Example 59 

25 A 100 mil round bottom flask was loaded with 0. 100 g of (tert-butyl- 

amido)dimethyl(tetramethyl-q5.cyclopentadienyl)silane (2-N, N-dimethylami no) benzyl 
titanium. 30 ml of pentane were added to form a solution. To this solution was added, via 
pipet, 0.1 19 g of B(C 6 F 5 )3 in 40 ml of pentane. Within minutes the solution become cloudy and 
a pink/orange solid precipitated from solution. The reaction mixture was stirred for an 

30 additional 1 5 minutes after which time the solid was collected by filtration and washed with 
fresh pentane (3x1 5 ml). Yield of the product (believed to be [(tert-butyl- 
amido)dimethyl(tetramethyl-n5 <yc |opentadienyl)silanetitanium(lll)]((2-N,N- 
dimethylamino)benzyl)trispentafluorophenylboron), after drying under reduced pressure was 
0.205 g. 

35 The ESR spectrum of this reaction product showed a single line at room 

temperature (g = 1.97). The cycle voltamagram (in dimethyl ether (DME) with no supporting 
electrolyte) of the reaction product showed an irreversible reduction wave at -2.74 volts vs. 
ferrocene. Under similar conditions, the neutral complex, (tert-butyl- 
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amido)dimethyl(tetramethyl-q5-cydopentadienyl)silane (2-N, N-dimethylamino)benzyl 
titanium, was not conductive and did not give a cyclic voltamagram. The fact that 
electrochemical measurements could be obtained in the absence of added supporting 
electrolyte strongly indicates that the activated complex was cationic. 
5 Under the polymerization conditions of Example 54, the above activated complex 

used as a catalyst gave 28.8 g of ethylene/octene copolymer. 

Example 60 

The reaction conditions of Example 59 were repeated to prepare the pink/orange 
10 cationic metal complex which was then redissol ved in tetrahydrofuran thereby giving a purple 
solution. Addition of pentane caused precipitation of a purple solid which was collected by 
filtration, washed with fresh pentane, and dried. 

The ESR spectrum of the purple product showed a single line at room 
temperature (g = 1.97) and the cyclic voltamagram (in DM E with no supporting electrolyte) 
15 showed an irreversible reduction wave at -2.74 volts vs. ferrocene. Under similar conditions, 
the neutral complex did not give acyclic voltamagram thereby indicating that the purple solid 
was an ionic Ti + 3 complex. 

15 mg of the purple solid was combined with 0.5 mlof methanol and the 
resulting solution was analyzed by gtfmass spectroscopy. THF was identified in the solution, 
20 indicating thatthe purple solid contained the neutral Lewis base, THF. On this basis the purple 
solid was believed to be [(tert-butylamido)dimethyl(tetramethyUq5-cy C |opentadienyl)silane 
titanium(lll)(THF)]((2-N, N-dimethylamino)benzyl)trispentafluorophenylboron). 

Under the polymerization conditions of Example 54, the above purple solid used 
25 as a catalyst gave 29.2 g of ethylene/octene copolymer. 

Example 61 

(i) Preparation of (t-butylamido)dimethyl(tetramethyl-ri5-cyclopentadienyl)silane (1- 

phenyI-3-benzylallyl) titanium 

30 in an argon filled glove box, 0.50 g (1.4 mmol) of (t-butylamido)dimethyl- 

(tetramethyUq5-cyciopentadienyl)silane titanium dichloride was dissolved into 30 mL of diethyl 
etherto give a yellow solution. 0.28 g (1.4 mmol) of 1,4-di phenyl- 1,3 butadiene and 1.18 mL 
(2.8 mmole) of isopropyl magnesium chloride were added with stirring. Gas evolution occurred 
and the mixture darkened to a red/purple color over 50 minutes. The solvent was removed and 

35 the product was dried. The solid was extracted with pentane (5x10 mL) and dried under 
reduced pressure to give the product as a red/purple solid (0.545 g). 
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Under the polymerization conditions of Example 54, 68.7 g of ethylene/octene 
copolymer were produced. Catalyst efficiency was 717,000 g/g. 

Example 62 

5 (') Preparation of (t-butylamido)dimethyl(tetramethyl-r]5-cyclopentadienyl)silane 

(1,1-diphenyl-3-(diphenyimethyl)allyl) titanium 

In an argon filled glove box, 0.50 g (1 .4 mmol) of (t-butylamido)dimethyl- 
(tetramethyl-q5-cyclopentadienyl)silane titanium dichloride was dissolved into 30 mL of diethyl 
ether to give a yellow solution. 0.49 g (1.4 mmol) of 1,1,4,4-tetraphenyl-1,3-butadiene and 1.18 
10 mL (2.8 mmole) of isopropyl magnesium chloride were added with stirring. Gas evolution 
occurred and the mixture darkened to a red color over 2 hours. The solvent was removed and 
the product was dried. The solid was extracted with pentane (4x1 5 mL) and dried under 
reduced pressure to give the product as a tacky, red solid. 

1 5 Under the polymerization conditions of Example 54, 32.0 g of ethylene/octene 

copolymer were produced. Catalyst efficiency was 334,029 g/g. 
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CLAIMS 

1 . An addition polymerization catalyst comprising: 

(i) a metal complex corresponding to the formula: Cp a (ZY)bMLc, wherein: 

a is 1 or 2; 
5 bisOorl; 

cis1 or 2; 

the sum of a, b and c is 3; 

Cp independently each occurrence is a cyclopentadienyl group n-bound to M, or a 
hydrocarbyl, silyl, halo, halohydrocarbyl, hydrocarbylmetalloid or halohydrocarbylmetalloid 
10 substituted derivative of said cyclopentadienyl group, said Cp containing up to 50 

nonhydrogen atoms, and, when a is 2, optionally both Cp groups may be joined together by a 
bridging group; 

L independently each occurrence is hydride, halo, or a monovalent anionic ligand 
selected from covalently bonded hydrocarbyl, silyl, amido, phosphido, alkoxy, aryloxy, and 

15 sulfido groups optionally being further substituted with amine, phosphine, ether, and 

thioether; mixtures thereof; said ligand having up to 50 nonhydrogen atoms, with the proviso 
that in at least one occurrence Lisa stabilizing ligand comprising an amine, phosphine, ether or 
thioether functionality able to form a coordinate-covalent bond or chelating bond with M, or 
except when a is 1, comprising an ethylenic unsaturation able to form an q3 bond with M; 

20 M is a metal of Group 4 of the Periodic Table of the Elements in the + 3 oxidation 

state; 

Y is a linking group comprising nitrogen, phosphorus, oxygen or sulfur covalently 
bonded to M and Z through said nitrogen, phosphorus, oxygen or sulfur atom; 

Z is a divalent moiety comprising oxygen, nitrogen, phosphorous, boron, or a 
25 member of Group 14 of the Periodic Table of the Elements, said moiety having up to 30 
nonhydrogen atoms; 

the ligand moiety consisting of -Cp-Z-Y- being dianionicand having the ionic 
charges residing formally on Cp and Y; and, when b is 0 and optional ly when b is 1 ; and 

(ii) an activating cocatalyst. 

30 2. An addition polymerization catalyst comprising in combination: 

(i) a metal complex corresponding to the formula: Cp' 2 ML', 
wherein: 

Cp' independently each occurrence is a cyclopentadienyl group n-bound to M, or 
a hydrocarbyl, silyl, halo, halohydrocarbyl, hydrocarbylmetalloid or halohydrocarbylmetalloid 
35 substituted derivative of said cyclopentadienyl group, said Cp' containing up to 50 

nonhydrogen atoms, and optionally both Cp groups may be joined together by a bridging 
group; 
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M is a metal of Group 4 of the Periodic Table of the Elements in the * 3 oxidation 

state; 

L' is a monovalent anionic stabilizing ligand selected from covalently bonded 
hydrocarbyl, silyl, amido, phosphido, alkoxy, aryloxy, sulfido groups and mixtures thereof, and 
5 being further substituted with an amine, phosphine, ether, or thioether containing substituent 
able to form a coordinate-covalent bond or chelating bond with M; said ligand having up to 50 
nonhydrogen atoms; and 
(ii) an activating cocatalyst 

10 3. An addition polymerization catalyst comprising in combination: 

(i) a metal complex corresponding to the formula: Cp'ML^, wherein: 

Cp" is a cyclopentadienyl group n-bound to M, or a hydrocarbyl, silyl, halo, 
halohydrocarbyl, hydrocarbylmetalloid, or halohydrocarbylmetalloid substituted derivative 
thereof, said Cp" containing up to 50 nonhydrogen atoms; 
15 M is a metal of Group 4 of the Periodic Table of the Elements in the + 3 oxidation 

state; 

L" independently each occurrence is hydride, halo, or a monovalent anionic 
ligand selected from covalently bonded hydrocarbyl, silyl, amido, phosphido, alkoxy, aryloxy, 
and sulfido groups; mixtures thereof; and amine, phosphine, ether,and thioether derivatives 
20 of the foregoing, said ligand having up to 50 nonhydrogen atoms, with the proviso that in at 
(east one occurrence L" is a stabilizing ligand comprising an amine, phosphine, ether or 
thioether functionality able to form a coordinate-covalent bond or chelating bond with M, or 
comprising an ethylenic unsaturation able to form an q3 bond with M; and 

(ii) an activating cocatalyst. 

25 

4. A metal complex corresponding to the formula: 

/ z — 1 

Cp'"_M^ 
\ 

wherein: 

M is a metal of Group 4 of the Periodic Table of the Elements in the + 3 oxidation 

state; 

35 Cp'" is a cyclopentadienyl group, or a hydrocarbyl, silyl, halo, halohydrocarbyl, 

hydrocarbylmetalloid, or halohydrocarbylmetalloid substituted derivative thereof, said Cp'" 
containing up to 50 nonhydrogen atoms; 
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Z is a divalent moiety comprising oxygen, nitrogen, phosphorous, boron, or a 
member of Group 14of the Periodic Table of the Elements, said moiety having up to 30 
nonhydrogen atoms; 

Y is a linking group comprising nitrogen, phosphorus, oxygen or sulfur covalently 
5 bonded to M and Z through said nitrogen, phosphorus, oxygen or sulfur atom, the ligand 
moiety consisting of -Cp"'-Z-Y- being dianionic and having the ionic charges residing formally 
on Cp # " and Y; and 

L'" is a monovalent anionic stabilizing ligand selected from: 

a) covalently bonded hydrocarbyi, silyl, amido, phosphido, alkoxy, aryioxy, 
jq sulfido groups and mixtures thereof, and being further substituted with an amine, phosphine, 

ether, or thioether containing substituent able to form a coordinate-covalent bond or 
chelating bond with M, said ligand having up to 50 nonhydrogen atoms; and 

b) linear C3-C15 hydrocarbyi groups comprising an ethylenic unsaturation able 
to form an q3 bond with M. 

15 

5. An addition polymerization catalyst comprising a complex as claimed in 
Claim 4 and an activating cocatalyst. 

6. A catalyst or complex as claimed in any one of the preceding claims, 
20 wherein M is titanium. 

7. A catalyst or complex as claimed in any one of the preceding claims, 
wherein L, L r , L" or L" r is 2-di(C r C4-alkyl)aminobenzyl or 2-(di(C r C4-alkyl)aminomethyl)phenyL 

25 8. Acatalyst or complex as claimed in Claim 7, wherein L, L*. L" or L'" is 2-(N,N- 

dimethylamino)benzyL 

9. Acatalyst or complex as claimed inany one of Claims 1, and 3 to 6, wherein 
L f L" or L*" is linear C3-C15 hydrocarbyi comprising an ethylenic unsaturation . 

30 

10. A catalyst or complex as claimed in Claim 9, wherein L, L" or L"' isallyi. 

11. A catalyst as claimed in any one of Claims 1 , 2, 6, 7 or 8, wherein the metal 
complex comprises two Cp groups joined by a bridging group of the formula (R M 2^)x wherein E 

35 is silicon or carbon and R" independently each occurrence is hydrogen, silyl, hydrocarbyi or a 
combination of silyl and hydrocarbyi, said R n having up to 30 silicon or carbon atoms, and x is 1 
to 8. 
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12. A catalyst or complex as claimed in Claim 8, wherein the metal complex is 
biscyclopentadienyl 2-(N,N-dimethylamino)benzyl titanium (III). 

13. Acomplexas claimed in Claim 4 selected from (tert-butylamido)- 

5 dimethyl(tetramethyI-q5-cyclopentadienyl)silane 2-(N,N-dimethylamino)benzyl titanium (III), 
(tert-butyl- amido)dimethyl(tetramethyl-q5-cyclopentadienyl)silane allyl titanium (III), (tert- 
butyl- amido)dimethyl(tetramethyl-ri5-cyclopentadienyl)silane 1 ,2,3-trimethylallyl titanium 
(III), (tert-butyl- amido)dimethyl(tetramethyl-ii5-cyclopentadienyl)silane 1-phenyl-3-benzylallyl 
titanium (III), and (tert-butyl- amido)dimethyl(tetramethyl-ii5-cyclopentadienyl)silane 1,1- 

10 diphenyl-3-(diphenylmethyl)allyl titanium (III) 

14. A catalyst as claimed in Claim 5, wherein the metal complex is selected from 
(tert-butylamido)-dimethyl(tetramethyl-q5-cyclopentadienyl)-silane2-(N,N- 
dimethylamino)benzyl titanium (III), (tert-butyiamido)dimethyl(tetramethyl-q5- 

1 5 cyclopentadienyOsilane allyl titanium (III), and (tert-butylamido)dimethyl(tetramethyl-ii5- 
cyclopentadienyl)silane 1,2,3-trimethylallyl titanium (III). 

15. An addition polymerization catalyst as claimed in Claim 12 or 14, wherein 
the cocatalyst istris(pentafluorophenyl)boron. 

20 

16. A catalyst as claimed inany one of Claims 1 to3,5to 12, 14or 15, wherein 
the ratio of metal complex to activating cocatalyst is from 1 :0.01 to 1 : 1 06. 

17. A catalyst as claimed in any one of Claims 1 to 3, 5 to 12 or 14 to 16, 
25 wherein the activating cocatalyst is selected from alkylalumoxanes; aluminum alkyls; 

aluminum halides; alkylaluminum halides; Lewis acids other than any of the foregoing; and 
mixtures thereof. 

18. A catalyst as claimed in Claim 17, wherein the activating cocatalyst is tris(4- 
30 fluorophenyOboron, tris(2,4-difluorophenylboron), tris(3,5-bis(trifluoromethyl)phenyl)boron, 

tris(pentafluorophenyl)boron, pentafluorophenyl diphenyl boron, triphenyl boron or 
bi s(pentafi uorophenyl) phenyl boron . 

19. A catalyst as claimed in Claim 18, wherein the activating cocatalyst is 
35 tris(pentafluorophenyl)boron. 

20. A catalyst or complex as claimed in any one of the preceding claims, 
additionally comprising a neutral Lewis base. 
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21. A catafyst or complex as claimed in claim 20, wherein the neutral Lewis 
base is selected from the group consisting of organic amines, amides, ketones, nitriles, 
phosphines, phosphorylamides, esters, ethers, thioethers and thioesters, said neutral Lewis 

5 base containing up to 20 nonhydrogen atoms. 

22. A catalyzed addition polymerization process comprising contacting under 
addition polymerization conditions at least one addition polymerizable monomer with a 
catalyst or complex according to any one of Claims 1 to 21. 

10 

23. A process for preparing a catalyst as claimed inGaim 1, comprising 
contacting a Group4meta! complex corresponding to the formula: Cp a (ZY)bM*LcX, 
wherein: 

a, b, c, Cp, L, Y and Z are as defined in Claim 1 , 
15 M* is a metal of Group 4 of the Periodic Table of the Elements in the + 4 

oxidation state; and 

Xis halide or C^iq hydrocarbyloxide, 
with a reducing agent under reducing conditions to form a metal complex corresponding to 
the formula: Cpa(ZY)bMLo 
20 wherein a, b, c # Cp, L, M, Y and Z are as defined in Claim 1 , 

and, when a cocataiyst is present, contacting the so formed complex with the cocatalyst. 
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